icroDosE

EEN TecHnoLocies

Objective

To explain

synthetic jetting its application in the p y candidate

Introduction

“The application of synthetic jetting for pulmonary delivery of drug candidates, for local or systemic targeting, was explored to address a number of desirable pulmonary delivery goals. These include: 2) low ose/neat drug formulation
delivery, and (b) “near” flow rate independence (less than 10% change in Fine Particle Fraction (FPF) from 15 to 60 Limin). A synthetic jet actuator is mass)

‘Techniques such as finite element analysis (FEA) to predict synthetic jetting from a bister coupled to a piezoelectric transducer (PET), by the formation of a standing acoustic wave, and its impact on zerosol performance, are used to
optimize delivery of pulmonary drug candidates. Using these predictions, measurement of the synthetic jt formed was used to infe the resonance frequency of the PET and assst in the optimization of an aerosol delivery system.

Theory

Synthetic Jetting

Figure 1 et or zero-net mass-i
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disk is bonded to @

Inone a piezoelect \ which is sealed to form a cavity having an orifice or sot. The cavity and

under certain operating conditions, convect away from the orifice to form a time-averaged jet. This behavior is defined s jet formation and was observed more than 50 years ago (L, 2). Figures 1b and 1c show computational fluid
dynamic (CFD) analysis verifying the formation of a synthetic jet i a MicroDose blster design.
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Figure 1 ) Anatomy of a Synih

Acoustic Resonance

Acoustic resonance is yofan eql
Blisters must be designed  to exhibit acoustic resonance at frequencies close to the PET resonance frequency. The blister shapes are first evaluated using an acoustic Eigenfrequency analysis. This analysis predicts the frequencies at
which a given blister shape will acoustically resonate evidenced by the formation of pressure antinodes. This results in an oscillting pressure cifferential between the ai inside the blister holes and the air outside the blister holes. It

s are si

its oscillations match the systems natural frequency of vibration (it resonance frequency) than it does at other frequencies (3).

in blue and red and

is this oscilating pressure differential tha causes the alternating air jets needed to form a synthetic et. I Figure 2, the is shown in green. Positive pressures are

shown in red and negative pr in blue. Adjacent images pposite pressure phases.

Synthetic Jetting Measurement

After a blister is designed, validated using acoustic simulation, and manufactured, it is tested using the test fixture shown in Figure 3. The fixture allows for the simultaneous measurement of synthetic jetting strength, PET
displacement, and PET drive frequency. A sample measurement is shown in Figure . The frequency at which maximum synthetic etting occurs s the acoustic resonance frequency. Blister shapes like those shown in Figure § and
PET drive frequencies can be changed to optimize this effect, and consequently, optinize crug delivery and particle size. The corrlation between predicted acoustc resonance frequency and measured maximum synthetic jetting
frequency s shown in Table 1
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Application of Synthetic Jetting for Pulmonary Delivery of Drug Candidates
Mo Aydin, Henri Akouka, Tom Merrill, Eugene Reynolds, Dan Becker, Rajesh Shukla, Doug Weitzel and Dave Byron

MicroDose Technologies Inc. 4262 US Route One, Monmouth Junction, NJ 08852

Principle of Operation in a MicroDose Inhaler

“The device s an active dry powder inhaler which operates with pre-metered unit-dose foil bisters, and utilizes a vibration

Figure 5 Stages o Synthetic Jet Formation: Forming . Persisting and Ending

mechanism to deagglomerate the powder within the bisters. The devic intate the actuaton process upon detecton of a
threshold level of inspiratory airflow from the patient, sensed by a directional flow sensor. Upon detection of the
inspiration, an elctrical drive signal s dircted (o the PET, which creates vibrations. The vibrtion of the PET creates
ultrasonic standing waves within the blster. These pressure waves cause the powder to be actvely deagglomerated,
aerosolize, and ejcted from the bister through the smal holes that have been pierced prior o dosing as shown i Figure &
“The expelled powder s entrained ito th patient’s inspratory breath. Syntheti jets have been used broadly by MicroDose
1o deliver severalclasss of drug product, including protens, peptides,long acting beta agonists, and steroids, formulated

as engineered particls, lactose blends and neat drug (4).

Figure 7 Blster Percing Seps

Components and Test Devices

Blisters are formed using commercial equipment. Filled bisters are sealed and. externally pierced as illustrated in Figure 7. The pierced

blisters can be loaded onto the research platform device (Figures 8a and 86) and performance tested. Once optimum delivery is finalized,
research is conducted using the hand-held device with internal piercing (Figure 8c). This device has an independent power source, LED
indicators for patient/user feedback, as wel as disposable mouthpieces. Illustrations of a potential commercial device are depicted in

Figure o.
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Figure 8 Various llstrationsof the MicroDose Delvery Platform

Figure 9: lustrations of & Ptential Commercial Device

Materials and Methods

1) Large Molecule

Spray-dried, neat, peptide igh filled into blis de final f 250 g and 1.5 mg per bliste. Blisters were sealed, loaded into the MicroDose-DPI, pierced and
actuated into an Andersen Cascade Impactor (ACI) at flow rates of 15 1o 60 Limin. The ACI apparatus was comprised of stages 0 through 7 (no plate coating) coupled to a USP induction port (no pre-separator) and was configured to

sample 4L of air. Asingle bliste, per sirength, was actuated into the ACI, and the stages were extracted using 30%IPA/0.1%TFA/0.3mM SDS/Water, Samples were injected (100 L) onto a Phenomenex Jupiter C18 column (50mm x
‘4.6mm, 5pm packing) and analyzed using UV detection at 200 nm. Sample retention times of 5-6 minutes, at 1.0 mL/min flow rate, were obtained using a gradient run consisting of the following mobile phases A: 0.1% TFAWter, B:
0.19 TRAJAcetoritrile.

2) Small Molecule
“The neat drug substance (1 mg fill weight) and the 25% blend (4 mg fill weight) were manually filled and sealed in blisters, and then individually tested in the device. The Next Generation Impactor (NGI) was used for aerosol
performance testing at 30 Limin. Cups were coated with 5% Tween 80 in Methanol.

Mobile Phase: 54:45 0.29 TFAin Water: 0.29 TFA in Acetonitile , Flow: 0.9 mLmin, Injection Volume: 10 L, Column: Inertil Phenyl, 5 pm, 100 mm x 3.0 mm, Column Temperature: 50°C

‘Wavelength of detection: 389 nm, Retention Time: ~2min., Diluent: 3:1 Methanol: Water

Results
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2) Small Molecule- Figure 11-12 and Table 5, Figures 13-14 and Table 6 display the PSD and DDU data obtained for blisters containing neat drug (1 mg Fill Wt) and 25%
Blend (4 mg Fill W), respectively.

Table 5 PSD and DDU Data for Blisers

Figure 1 PSD by NG1 Figure 12
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Discussion

Synthetic Jetting and Acoustic Resonance
“The results of acoustic Eigenfrequency analysi yields results between 2.1 kHz and 8.2 kHz higher than the measured maximum jeting frequencies. To bette corelate
acoustic Eigenfrequency analyss resuls to experimental data, several improvements need o be mate.  One improvement would be a more accurate measurement of the
internal blster geometry, while another would be & method for measuring the fesonance frequency of a blister using an excitation source with a relatively flat frequency

response over the range of interest.

Large Molecule
« Results have shown that high and low dose of a peptide can be efficiently delivered using the MicroDose P

loaded amount.

« FPF values of approximately 859% (9 emitted <4.7 microns) were obtained.

+ Aerosol performance was essentially flow rate independent s demonstrated by the small change in FPD (measured using ACI) exhibited for the low strength dose at 15 to 60
Unin flow rates.

Small Molecule.

. bothas aneat sample of aswell s a0 contining
excpients such s acose

« Mean delivered dosevalues were 819 fo the nea crug substance and 82% for the blended formulation offoaded amourt,

« FPF value of pproximately 85% (% emited <5.8 microns) were btaned for bth et and formulated mateil.

Conclusion

“The novel appication of synhetcjting for the deivery of  peptice and  smll molecule was 10 provide ig celivery of

formulation flexibiliy including delivery of low doselneat drug and near flow rate independence.
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